In this paper, we get the orientation-singularity at a given position, after primary researching singularity for 6-UPS Stewart mechanism. And the effect of the rod length constraint, hinge constraint, link interference and the scale of the radius of circumscribed circle on singularity-free orientation workspace for the mechanism. The minimum inscribed sphere method is also used to express the singularityfree orientation workspace by using the minimum inscribed sphere radius algorithm, which provides the theoretical basis for Stewart mechanism motion analysis and trajectory planning.
Introduction
Compared with the characteristics of serial mechanism of low rigidity, low bearing capacity and difficult to reverse solution, the parallel mechanism has advantages such as high rigidity, high load capacity, and simple anti-solution and high positioning accuracy. However, the singular trajectory of the parallel mechanism is very complex, and its workspace is small, which makes the study of the singularity and workspace of the parallel mechanism very important.
The basic idea of trajectory planning is to plan a path which will not pass the singularity from the beginning to the end. So the study of singularity is very important, many domestic and foreign scholars carry out in-depth and detailed study on this aspect [1] [2] [3] [4] .
Such as the radius ratio of the move and base platform of the parallel mechanism, the limit length of the parallel link, the limit diameter of the parallel link, the limit swing angle of the moving platform Hooke hinge and the limit swing angle of the fixed platform ball hinge, etc., have a great influence on the workspace of the parallel mechanism. However, in previous studies, only the impact factors were proposed or considered separately, without taking the synthesis of the application process into account. In this paper, 6-UPS Stewart mechanism is taken as an example. The spatial influence factors of the parallel mechanism are calibrated in turn, which provides an important theoretical basis for the selection and application of mechanism parameters in engineering application.
In order to facilitate the study of trajectory planning, the study of singularityfree orientation workspace is great importance, and there are a few people to research on the singularity-free workspace in this purpose. In this paper, we use the minimum inscribed sphere method to determine the rotation range of the model in the fixed position, which facilitates the study of trajectory planning.
The research on the characteristics of the parallel mechanism has laid a solid foundation for the parallel structure of the antenna pedestal structure. In particular, the large range of orientation space for the parallel mechanism is special. And the antenna can be a flexible radiation to 360 ° hemisphere space, or even superhemisphere space. At the same time, the parallel antenna pedestal can make up the characteristics for the classic pitch-azimuth antenna which cannot continuously track the blind cone area at the top of the antenna position.
The Establishment of Mathematical Model
The 6-DOF parallel mechanism consists of move platform, base platform and 6 parallel poles. The parallel poles and the move platform are connected by a spherical hinge and the base platform connects with parallel poles through Hooke hinge. The move platform and the base platform are regular hexagon. β and β 0 are the structural angles corresponding to the long side of the base platform and the short side of the move platform respectively. R and r are the circumcircle radii of the base and move platform respectively. The move platform model and the base platform model are respectively established in the coordinate systems P-XYZ and O-XYZ, and the platforms are parallel to each other. The hinge point of the move platform is denoted as b i in the move coordinate system and the hinge point of the base platform is denoted as B i in the coordinate system, then
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The parallel pole vector l i and pole length l i (i=1, 2, …, 6) in the coordinate system can be expressed as:
Research on Singularity Trajectory
Singularity is the inherent nature of the mechanism; it has a variety of effects on the performance of the mechanism. We can know from the literature [5] , for the parallel mechanism, when the determinant of Jacobian matrix (ie, the first-order influence coefficient matrix) is zero; the parallel mechanism is in a singularity. At this time, the degree of freedom of the parallel mechanism increases, leading to instability of the mechanism, so that the parallel mechanism out of control. Therefore, the research on singularity trajectory of parallel mechanism is particularly important. Based on the Jacobian of the parallel mechanism, Gosselin et al. classify singularities into three types [6] [7] : inverse kinematics singularity, forward kinematic singularity, and structural singularity. For the first kind of singularity, i.e. inverse kinematics singularity, the Jacobian matrix J of the parallel mechanism is infinite, i.e. det(J)=∞. For the third kind of structure singularity, since the Stewart platforms are two similar hexagon, i.e. β+β 0 =120°, and the corresponding point is connected, the structure is a singular structure. The mechanism is singular regardless of the configuration.
It is not difficult to obtain the coordinates of the hinge point in the base coordinate system, which is denoted as b i (i=1, 2, …, 6), when the coordinates of the move platform hinge point are known in the move coordinate system. The coordinates of the hinge points of the move and base platforms in the base coordinate system O-XYZ are brought into the Jacobian matrix J T , can be: .
When the Jacobian matrix is expanded and simplified, the singularity equation can be written as f a, b =0.
Where, a= X, Y, Z means the move platform position, b= φ, γ, θ means the orientation of the move platform. Eq. 7 is a function polynomial for the Euler angles φ, γ and θ at fixed tions(X, Y, and Z) in the process of studying the orientation singularity. Because the singularity polynomial is important for the study of trajectory planning, the polynomial is of great significance in the research of singularity of parallel mechanism. However, due to the periodicity of the trigonometric function, Eq. 7 will be expressed as a polynomial with the multiple power of the trigonometric function, so it is difficult to solve the numerical solution. By this method, the singularity of the 6-UPS Stewart parallel mechanism can be easily obtained. As shown in Fig. 3, Fig. 4 are the singularity trajectories for , ,
and , , at the fixed position (X, Y, Z) = (0, 0, 800cm) respectively. At this time, the structure parameters of the structure is R=300cm, r=240cm, β= For any point X, Y, Z within the workspace of Stewart mechanism, a singularityfree orientation workspace can be found in the three-dimensional space about the orientation (φ, γ, θ) near the origin. Therefore, the obtaintion of the orientation singularity trajectory is important for the solution of the singularity-free orientation workspace.
Research on Singularity-Free Orientation Workspace

Effect of Structural Parameters on Workspace
Pole Length Constraint
Pose control is achieved by changing the length of the pole, so the pole length constraint is an important constraint for the workspace. Its expression is
Where, is the shortest pole length, is the longest pole length, is the i-th link vector.
Hinge Constraint
In this study, the parallel poles were connected to the upper platform by means of spherical hinges and connected to the lower platform via Hooke hinges, but the swing angle range of the spherical hinge or the Hooke hinge was limited. Therefore, it is necessary to study the swing angle range of the hinge restraint during the movement of the move platform. Suppose the unit vector perpendicular to the move platform is U bi = 0 0 1 T , and the unit vector perpendicular to the fixed platform is U Bi = 0 0 1 T . So the swing angle of the spherical hinge on the move platform is θ bi θ bi =arc cos
The swing angle of the spherical hinge of the base platform is θ Bi =arc cos
While the spherical hinge condition is expressed as
0≤θ Bi ≤θ Bmax , i=1, 2, …, 6.
Where, θ bmax denotes the maximum swing angle of the spherical hinges on the move platform, and θ Bmax denotes the maximum swing angle of the Hooke hinges on the base platform.
Interference of Connecting Poles
When the parallel pole is a cylinder whose cross-section diameter is D, the constraint condition for avoiding the interference of the parallel pole is
Where, D i is the shortest distance between the center lines of two adjacent poles.
The Ratio of Circumscribed Circle Radius of Move Platform and Base Platform
The results show that the radius of circumscribed circle of move platform and base platform has a significant influence on the size of working space, and the radius ratio is expressed as
Where, r is the circumscribed circle radius of the move platform and R is the circumscribed circle radius of the base platform.
Representing Singularity-free Orientation Workspace by Minimum Inscribed Sphere Method
The orientation workspace of 6-UPS Stewart parallel mechanism represents the orientation that the mechanism can reach during the course of motion, but because of the search of the orientation workspace, the effect of the mechanism singularity is not taken into account. Therefore, the mechanism may be singular in the orientation workspace. It is shown that the robot should avoid the singularity and should work in the region away from the singularity. Considering that the parallel mechanism has a singularity-free orientation workspace near the origin (0°, 0°, 0°), therefore, a graph which is well represented by the mathematical coordinates has a significant effect on the representation of the singularity-free orientation workspace.
And the minimum inscribed sphere method, the minimum inscribed sphere radius in the singularity orientation workspace is obtained by spherical coordinate search. The inscribed sphere is shown in Fig. 5 . The cross-section at φ = 0 is shown in Fig 6. In the space represented by the minimum inscribed sphere, the singularity-free orientation workspace of the parallel mechanism can ensure that the mechanism does not occur any motion interference and singularity phenomenon in the whole workspace. 
Conclusion
In this paper, the orientation singularity trajectory of 6-UPS Stewart mechanism is analyzed, and the effects of structural parameters such as pole length constraint, hinge constraint, pole interference and circumscribed circle radius ratio on the singularity-free orientation workspace are studied. And the singularity orientation workspace at a given position is expressed by the minimum inscribed sphere meth-od, which provides a theoretical basis for mechanism trajectory planning and engineering application for the parallel mechanism on antenna pedestal.
